###### Strengths and limitations of this study

-   A rigorous random sampling approach was adopted and implemented in this large scale representative study.

-   With standard protocols and instruments, data were collected by extensively trained interviewers and supervised by a vigorous quality assurance programme.

-   We followed the most commonly used international definition of prevalence, awareness, treatment and control of hypertension to facilitate compatibility with the international literature.

-   Data on awareness, pharmacological and non-pharmacological treatments, and primary care management relied on self-report.

-   Diagnosis of hypertension was based on a single visit involving blood pressure measurements and history recall.

Background {#s1}
==========

Cardiovascular disease (CVD) is a major cause of death and a major contributor to the world\'s global disease burden, including China. Statistics showed that CVD caused about 17 million deaths (31.5%) in 2013 globally, and that \>80% occurred in low- and middle-income countries.[@R1] In China, one-third of all deaths were estimated to be due to CVD in 2005,[@R2] and it is anticipated that CVD events will have increased by 23% by 2030.[@R3]

Hypertension is a major modifiable CVD risk factor. The risk for CVD doubles with each increment of 20 mm Hg in systolic blood pressure (SBP), or 10 mm Hg in diastolic blood pressure (DBP).[@R4] According to the World Health Statistics 2012 report, one in three adults had elevated blood pressure worldwide.[@R5] It has been projected that, in 2025, there will be 1.56 billion adults living with hypertension globally.[@R6] As with other developing countries, the prevalence of hypertension in the Chinese population increased sharply from 5.1% in 1959[@R7] to 7.7% in 1979,[@R8] and escalated from 11.9% in 1991[@R9] to 18.8% in 2002.[@R10] Therefore, hypertension control is important for reducing the risk for CVD and other diseases with hypertension as a key risk factor.

Investigators studying the extent and determinants of hypertension control have found it useful to divide hypertensive individuals into subgroups based on the individuals' awareness, treatment, and control of hypertension. This categorization, emanating from the necessary steps in hypertension, has been used to guide decision-making regarding interventions. The current study aimed to provide an updated estimate of prevalence, awareness, treatment, and control of hypertension in Shenzhen, China. This study is expected to have an impact on public policy for better hypertension control, and to have implications for policymakers worldwide with social and cultural contexts similar to those of Shenzhen, China.

Methods {#s2}
=======

Study setting {#s2a}
-------------

Shenzhen is located in the Pearl River Delta region of southern China. It is China's first Special Economic Zone holding sub-provincial administrative status. It is divided into 10 district-level jurisdictions. The total area of Shenzhen is 1996.8 square kilometres. According to the statistics for 2014, Shenzhen's population is around 10.78 million with about 70% being migrants.[@R11] Shenzhen is a major financial centre in southern China, and the largest manufacturing base in the world. In 2010, the total gross domestic product (GDP) of Shenzhen was RMB 0.96 trillion with GDP per capita of RMB91823.[@R11]

Study population and procedures {#s2b}
-------------------------------

This large cross-sectional study was conducted between April and May 2015 in Shenzhen, China. The study population comprised all community residents who (1) had been living in Shenzhen ≥6 months, (2) were aged 18 to 70 years old, and (3) were able to participate in the study and give informed consent. We excluded the residents living in military posts, students' dormitories, nursing homes and bunkhouses. We employed the multistage cluster random sampling method to select participants. First, two of 10 districts (primary sampling units) were selected using a simple random sampling approach (ie, district A and B). Second, 10 neighbourhoods (secondary sampling units) were randomly drawn from each randomly selected district. Third, households (tertiary sampling units) were sampled employing a systematic random sampling approach within each neighbourhood on the basis of a household roster. According to the population of each district, we selected a total of 600 households within district A and 1400 within district B. Sixty households per neighbourhood in district A were randomly selected, while 140 were randomly selected for district B. A Kish method was deployed for participant selection within each household. A survey was conducted involving face-to-face interviews at the participants\' homes by extensively trained interviewers. Blood pressure measurements were performed by nurses. The participants were assured of the anonymity and confidentiality of the survey, and informed consent was obtained before the survey started. A total of 1784 residents, with 538 from district A and 1246 from district B, finished the survey, with a response rate of 89.0% and 89.7%, respectively.

Key measures {#s2c}
------------

Using a calibrated mercury sphygmomanometer, the blood pressure of participants was measured according to the protocol recommended by the national guidelines for hypertension management.[@R12] Before the blood pressure measurements were taken, the participants were seated with their backs supported and their legs resting on the floor for at least 5 min. They needed to have refrained from cigarette smoking and drinking caffeinated beverages for at least 30 min before measurement. The arm of the participant used for measurement was positioned at the same level as the heart. Two measurements were conducted with an interval of 1--2 min. SBP and DBP were recorded as the means of two measurements. If the difference between the two measurements was \>5 mmHg, an additional measurement would be performed and the mean of all three measurements would be recorded. Hypertension was defined as a self-reported physician-diagnosed condition currently under antihypertensive treatment, and/or SBP ≥140 mm Hg and/or DBP ≥90 mm Hg. The prevalence of hypertension was then calculated. Awareness of hypertension was defined as a self-report of any previously diagnosed hypertension by health professionals. Treatment information including both pharmacological and non-pharmacological management of hypertension was self-reported. The participants were asked: (1) 'whether they reduced intake of salt' (yes or no); (2) 'whether they did regular physical exercise for the management of hypertension' (yes or no); (3) 'whether they were under regular monitoring to control the disease' (yes or no); and (4) 'whether they were using antihypertensive medication' (yes or no). The participants were also asked 'whether they were under primary care management in community health centres' (yes or no). Hypertension control was defined as a blood pressure \<140/90 mm Hg.

Sociodemographic characteristics of the participants were collected including gender, age, marital status, household register, education level, occupation, and monthly household income. Marital status was categorised into three groups, including individuals never in union, individuals married or living with partner, as well as individuals widowed, divorced and separated. We classified the participants into local and migrant residents according to the household register. Migrants refer to individuals who have moved to a new location without changing their official household registration.[@R13] Education level was grouped into four categories: primary school and below, middle school, high school and equivalent, and 3 year college and above. The participants were allocated into six groups according to occupation, including manual workers, sales and services, clerical, other workers, unemployed, and professional, technical and managerial. The monthly household income was divided into three groups according to monthly household poverty line (RMB 5000) and mean monthly household income level (RMB10000) in Shenzhen in 2011.[@R14]

Statistical analyses {#s2d}
--------------------

All collected data were inputted into the EpiData 3.1 database. All descriptive statistics were presented regarding the participants' sociodemographic characteristics (ie, age, gender, marital status, education level, household register, occupation, monthly household income, and blood pressure values), as well as prevalence, awareness, management, treatment and control of hypertension. Comparisons with respect to prevalence, awareness, management, treatment and control of hypertension were made between male and female participants, as well as between local and migrant participants, by using χ^2^ tests. Multiple logistic regression models were constructed for comparisons after controlling for the participants' sociodemographic characteristics (including gender, age, marital status, education level, household register, occupation, and monthly household income). All of the covariates in the multiple logistic regression models were categorical. OR and 95% CI were provided. For all analyses conducted in the study, p\<0.05 was considered to be statistically significant. All analyses were performed using SPSS19.0 (IBM, USA).

Results {#s3}
=======

One participant with missing information on blood pressure values was excluded from the analysis. Thus, a total of 1676 participants formed the final analysis. The average age was 39.26 years and a higher proportion (52.8%) was female. The majority of the participants were married or living with their partner (88.1%). Most of the participants had an eductional level of middle school (36.0%) or high school and equivalent (31.5%). More than a quarter of the participants (27.2%) were unemployed when the survey was conducted. Migrants accounted for 72.6% of the participants, with the remainder being from the local area (26.4%). Approximately 36.2% of the participants were in the middle income group, while around one third refused to indicate (10.3%) or did not know (22.8%) their monthly household income. The average SBP of the participants was 119.81 mm Hg, while the average DBP was 77.63 mm Hg ([table 1](#T1){ref-type="table"}).

###### 

Characteristics of participants (n=1676)

  Characteristics                           n (%)
  ----------------------------------------- ----------------
  Age, years (mean, SD)                     39.26 (11.13)
    18--44                                  1179 (70.3)
    45--59                                  392 (23.4)
    ≥60                                     103 (6.1)
  Gender                                    
    Male                                    791 (47.2)
    Female                                  885 (52.8)
  Education                                 
    Primary school and below                231 (13.8)
    Middle school                           603 (36.0)
    High school and equivalent              528 (31.5)
    3 year college and above                306 (18.3)
  Marital status                            
    Never in union                          149 (8.9)
    Married and living with partner         1476 (88.1)
    Widowed, divorced and separated         42 (2.5)
  Occupation                                
    Manual workers                          253 (15.1)
    Sales and services                      320 (19.1)
    Professional technical and managerial   214 (12.8)
    Clerical                                176 (10.5)
    Other workers                           251 (15.0)
    Unemployed                              456 (27.2)
  Registration                              
    Locals                                  442 (26.4)
    Migrants                                1216 (72.6)
  Household income                          
    Low                                     170 (10.1)
    Middle                                  606 (36.2)
    High                                    346 (20.6)
    Rejected                                172 (10.3)
    Do not know                             382 (22.8)
  Systolic blood pressure (mean, SD)        119.81 (15.65)
  Diastolic blood pressure (mean, SD)       77.63 (10.79)
  Hypertension                              295 (17.6)

The overall prevalence of hypertension was 17.6% (295/1676). Of all the individuals with hypertension, 48.8% (144/295) were aware of their condition. Among all the hypertensive individuals, 25.1% (74/295) were using antihypertensive medications, while the percentage among hypertensive individuals who were aware of their condition was 51.4% (74/144). The percentages of all hypertensive individuals who adopted non-pharmacological treatment was 15.6% (46/295) for reduced salt intake, and 11.2% (33/295) for regular physical exercise. Only 8.1% (24/295) of all hypertensive individuals were monitored regularly, while only 6.8% (20/295) were under management by community health centres. It was found that 17.6% (52/295) of all hypertensive individuals had their blood pressure under control, while the hypertension control rate was 43.2% (32/74) among hypertensive individuals who were under antihypertensive medication treatment ([table 2](#T2){ref-type="table"}).

###### 

Prevalence, awareness, treatment and control of hypertension

  Variables                       Absolute numbers   Among all hypertensives, %   Among aware hypertensives, %   Among hypertensives under drug treatment, n (%)
  ------------------------------- ------------------ ---------------------------- ------------------------------ -------------------------------------------------
  Prevalence                      295                100.0                        \-                             **-**
  Awareness                       144                48.8                         100.0                          **-**
  Treatment                                                                                                      \-
  Antihypertensive medications    74                 25.1                         51.4                           \-
  Reduced salt intake             46                 15.6                         31.9                           \-
  Regular physical exercise       33                 11.2                         22.9                           **-**
  Regular monitoring              24                 8.1                          16.7                           \-
  Under primary care management   20                 6.8                          13.9                           **-**
  Control                         52                 17.6                         36.1                           32 (43.2)

After adjustments were made for sociodemographic characteristics of the participants, the results showed that the hypertension prevalence rate was higher in male participants than in their female counterparts (19.7% vs 15.7%; OR 1.47, 95% CI 1.10 to 1.97). Meanwhile, more male participants were aware of their condition than female participants (42.9% vs 38.1%; OR 2.35, 95% CI 1.28 to 4.33). Female participants were more likely to utilise antihypertensive medications (20.5% vs 30.2%; OR 0.83, 95% CI 0.05 to 0.92), but less likely to undertake regular physical exercise (14.7% vs 6.5%; OR 4.79, 95% CI 1.67 to 13.74) when compared with male participants. The hypertension control rate was found to be higher in female than in male participants (12.8% vs 23.0%; OR 0.45, 95% CI 0.21 to 0.96) ([table 3](#T3){ref-type="table"}).

###### 

Prevalence, awareness, treatment and control of hypertension by gender and household register

  Variables                       Gender       Household register                                                             
  ------------------------------- ------------ -------------------- -------------------------- ----------- ------------------ -------------------------
  Prevalence                      156 (19.7)   **139 (15.7)**^‡^    **1.47** (1.10 to 1.97)    80 (18.1)   210 (17.3)         1.00 (0.72 to 1.40)
  Awareness                       67 (42.9)    53 (38.1)            **2.35** (1.28 to 4.33)    26 (32.5)   **93 (44.3)**^‡^   **0.57** (0.30 to 0.90)
  Treatment                                                                                                                   
  Antihypertensive medications    32 (20.5)    **42 (30.2)**^‡^     **0.83** (0.05 to 0.92)    15 (18.8)   57 (27.1)          0.65 (0.30 to 1.40)
  Reduced salt intake             25 (16.0)    21 (15.1)            1.69 (0.77 to 3.73)        7 (8.8)     **38 (18.1)**^‡^   **0.40** (0.15 to 0.94)
  Regular physical exercise       23 (14.7)    **9 (6.5)**^‡^       **4.79** (1.67 to 13.74)   9 (11.3)    22 (10.5)          0.66 (0.25 to 1.80)
  Regular monitoring              11 (7.1)     13 (9.4)             0.86 (0.29 to 2.54)        1 (1.3)     **23 (11.0)**^§^   **0.14** (0.02 to 0.92)
  Under primary care management   9 (5.8)      11 (7.9)             0.69 (0.23 to 2.08)        7 (8.8)     13 (6.2)           1.98 (0.64 to 6.12)
  Control                         20 (12.8)    **32 (23.0)**        **0.45** (0.21 to 0.96)    17 (21.3)   34 (16.2)          1.33 (0.61 to 2.89)

\*χ^2^ tests were used for comparisons.

†Multiple logistic regression analyses adjusted for the participants' gender, age, marital status, education level, household register, occupation, and monthly household income (the female participants and the migrants were the reference groups).

‡p\<0.05.

§p\<0.01.

Further analyses were conducted to explore the differences between local and migrant participants. We found that the awareness rate was significantly higher in the migrants than in the locals (32.5% vs 44.3%; OR 0.57, 95% CI 0.30 to 0.90). Moreover, compared with the locals, migrant participants were more likely to undertake non-pharmacological treatments including reduced salt intake (8.8% vs 18.1%; OR 0.40, 95% CI 0.15 to 0.94) and regular monitoring of hypertension (1.3% vs 11.0%; OR 0.14, 95% CI 0.02 to 0.92) ([table 3](#T3){ref-type="table"}).

Discussion {#s4}
==========

The present study investigated the prevalence, awareness, treatment and control of hypertension in a large representative sample in Shenzhen, China. We found that hypertension is an important public health burden, with a prevalence of 17.6%. The rates of hypertension awareness, treatment and control found in this study were 48.8%, 51.4% and 43.2%, respectively. However, less than 1 in 10 of the hypertensive individuals were managed by community health centres. This study found a large gap between male and female hypertensive individuals, as well as between migrants and the locals, in at least one of the categories of hypertension prevalence, awareness, treatment and control.

The results showed that the prevalence of hypertension was 17.6% among Shenzhen residents aged between 18 and 69 years. Our current estimate is lower than that at the national and international level, which may be due to the younger average age of Shenzhen residents. A report by WHO showed that the global prevalence of hypertension in adults aged ≥18 years was about 22% in 2014.[@R15] The prevalence of hypertension was highest in Africa, at 30% for all adults combined. The lowest prevalence was in the region of the Americas, at 18%. The prevalence of hypertension was 19.6% across the Chinese adult population in 2014. With a national representative sample of adults aged ≥18 years in the general population of China, Wang *et al* reported an even higher adjusted prevalence rate of hypertension, at 29.6%.[@R16]

The study by Huang *et al* [@R17] showed that in Shenzhen the rate of hypertension prevalence among male residents 20 to 80 years working at public institutions increased by 40% from 10.12% in 1998 to 14.37% in 2002, while the rate stood at \~8% among female individuals. The findings of the current study showed rates of hypertension prevalence for male and female participants were 19.7% and 15.7%, respectively, which are higher than the rates in 2002, suggesting an increase in the prevalence of hypertension in Shenzhen, although age and gender standardisation was not made for comparisons. The increasing trend of hypertension prevalence is consistent with findings at the national level for China. In the China National Nutrition and Health Survey of 2002, the prevalence of hypertension was about 18% in the Chinese adult population.[@R10] A recent estimate in 2014 showed that the prevalence of hypertension in Chinese adults aged 18 years or older was 19.6%.[@R16] Our study did not provide direct evidence to explain the higher hypertension prevalence, but, according to the current literature, possible explanations could be the increased ageing population, expansion of western fast food, and unhealthy lifestyles.[@R18]

The results showed that one half of the hypertensive individuals in the surveyed population were undetected, half of those detected were untreated by medications, and in half of those hypertensive individuals receiving treatment, their blood pressure levels were not controlled. Our findings suggest that 'rule of halves' is applicable to Shenzhen. The rate of hypertension awareness (48.8%) in the current study is similar to the findings in China and other countries, but the rate of pharmacological treatment (51.4%) is lower in the current study, while the rate of hypertension control (43.2%) is higher. The study by Wang *et al* [@R16]analysed a national representative sample of 50 171 subjects and found that the rates of hypertension awareness, pharmacological treatments, and control were 42.6%, 80.0%, and 27.4%, respectively. Another study by Li *et al*, which investigated awareness and treatment of hypertension in 115 rural and urban communities involving 45 108 individuals, showed similar results---that is, 42.4% for the awareness rate, 82.7% for the pharmacological treatment rate, and 23.7% for the hypertension control rate.[@R19] The PURE (Prospective Urban Rural Epidemiology) study adopted a cross-sectional survey to examine hypertension prevalence, awareness, treatment and control among 153 996 adults aged 35 to 70 years recruited from 628 communities in three high-, 10 upper-middle- and lower-middle-, and four low-income countries.[@R20] That study showed that 46.5% of participants were aware of their diagnosis, while the majority (87.5%) of those aware were receiving pharmacological treatment. It also revealed that a minority of those receiving treatment were controlled (32.5%). Our study suggests that the awareness of hypertension in Shenzhen has reached the level of high-income countries (49.0%), but the pharmacological treatment is even lower than that of low-income countries (77.7%).

The results showed that the rates of non-pharmacological treatments, including reduced salt intake and regular physical exercise, regular monitoring, and primary care management of hypertension were strikingly low, which suggests room for improvement for the better management of hypertension. International and local hypertension management guidelines recommend lifestyle modifications for the management of hypertension.[@R21] These modifications have been proven to reduce blood pressure, although their direct impact on morbidity and mortality is not known yet. Regular monitoring of blood pressure was found to be effective in improving patients' compliance to treatment and control of their hypertension.[@R24] Xiao *et al* [@R25] integrated regular telephone follow-up into a community nursing intervention programme and found that it could significantly improve patients' adherence to antihypertensive therapies, and led to improved blood pressure control. Studies have shown that the management of hypertension in primary care settings can achieve better blood pressure control. The study by Li *et al* [@R26] showed that about 80% of hypertensive patients under primary care management had their blood pressure under control. A British study also revealed that the blood pressures of about 69% of registered hypertensive patients were under control.[@R27]

The results identified gaps between male and female participants, as well as between local and migrant participants, with respect to rates of hypertension prevalence, awareness, treatment and control. We found that women had higher rates of pharmacological treatments and control, but lower rates of prevalence, awareness and regular physical exercise when compared with men. Our findings are consistent with those of previous studies worldwide as well as in China in general. The study by Chow *et al* [@R20] showed that among a multinational study population, female individuals consistently had greater awareness of their hypertension and higher rates of treatment and control than their male counterparts. The study by Wang *et al* [@R16] also revealed that awareness, treatment and control rates were higher among female hypertensive individuals compared with males, but the prevalence was higher among men than among women. The migrant hypertensive individuals in the current study were more likely than their local counterparts to be aware of their condition, and to undertake non-pharmacological treatments and regular monitoring. In China, residents 35 years or older are recommended to undergo blood pressure measurement for hypertension detection when seeking healthcare from primary care facilities. The Medical Insurance Scheme for Migrant Employees puts emphasis on the primary level of care, with referral to higher levels only when justified by need. This may partly explain the greater awareness among migrants about hypertension compared with their local counterparts.

This is a representative study with 1767 samples to investigate the epidemiology of hypertension in Shenzhen, China. A high response rate was achieved. A rigorous random sampling approach was adopted and implemented. Standard protocols and instruments were employed for blood pressure measurement. We followed the most commonly used international definition of prevalence, awareness, treatment and control of hypertension to facilitate compatibility with the international literature. Data were collected by extensively trained interviewers and supervised by a vigorous quality assurance programme. However, the limitations should be addressed. First, selection bias might have been introduced by not having the characteristics of the non-respondents, although the response rate was high. Second, provision of data on awareness, pharmacological and non-pharmacological treatments, and primary care management relied on self-report. We were not able to construct a criterion standard for rigid validation. Third, the diagnosis of hypertension was based on a single visit involving blood pressure measurements and history recall. Fourth, we did not provide age and gender standardised estimates of prevalence, awareness, treatment and control of hypertension due to the unavailability of such information in the overall Shenzhen population with respect to age and gender distribution. Therefore, caution should be made when extrapolating the findings. Fifth, when recruiting participants, the eligibility criteria may have led to an overestimated participation rate. Sixth, other risk factors for CVD such as smoking status and overweight/obesity were not coded in the current study. Last but not least, the cross-sectional nature of the current study does not allow us to establish causal effect relationships.

This cross-sectional study found that the prevalence of hypertension was 17.6% in Shenzhen. Around 48.8% of participants with hypertension were aware of the diagnosis, while 51.4% of those who were aware were receiving pharmacological treatments. Among those hypertensives receiving pharmacological therapy, 43.2% had their blood pressure under control. Our findings suggest that population-based interventions such as establishing and screening health records and free health examinations may need to be implemented rigorously for the prevention and detection of hypertension. The availability and affordability of, and compliance with, medications need to be considered when formulating strategies to improve pharmacological treatments. Hypertensive individuals undertaking non-pharmacological treatments, regular monitoring and primary care management were few, which has major financial and social implications for policymakers. Given the increasing availability of primary care, strategies need to be developed to improve the effective primary care management of hypertension. Significant gaps were identified between women and men, and between the locals and migrants, regarding the prevalence, awareness, treatment and control of hypertension. This suggests a need to develop gender and household register tailored strategies for the prevention, detection, treatment and control of hypertension.
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